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Introduction
The impact of marine sand extraction on the characteristics of the seabed and the changes in benthic fauna have been widely investigated (Newell, Seiderer, & Hitchcock, 1998; Sardà, Pinedo, Gremare, & Taboada, 2000; Van Dalfsen, Essink, Toxvig Madsen, Birklund, Romero, & Manzanera, 2000) . The dredging operations may influence the physical and biological characteristics of the impacted areas both directly, through removal, smothering and damage caused by the dredge head, and indirectly: surface and bottom plumes, changes in plankton bloom seasons, the release of nutrients and chemicals, as well as sound, can affect both the sea bottom and the water column in the immediate area around the dredging site (Boyd, Limpenny, Rees, & Cooper, 2005; Newell et al., 1998; Van Dalfsen et al., 2000) .
Most studies concerning the impacts of sand dredging on macrozoobenthos were performed in shallow, dynamic sandy bottoms. In these cases, the recovery of the benthic assemblages appeared to be linked to the alterations in the seabed, in terms of grain size, organic content and morphology induced by sand extraction. Major alterations in the sediment and grain size characteristics over a long period favoured the settlement of benthic communities that were different in composition and structure from the pre-operational ones and this difference could be maintained for a long time (Boyd, Limpenny, Rees, Cooper, & Campbell, 2003; Boyd et al., 2005; Van der Veer, Bergman, & Beukema, 1985) . In contrast, when there was minimal variation in the seabed characteristics, benthic communities recovered within a few years in terms of biodiversity and biomass (Boyd et al., 2003; Kenny & Rees, 1994 , 4 1996 Kenny, Rees, Greening, & Campbell, 1998; Robinson, Newell, Seiderer, & Simpson, 2005; Van Dalfsen & Essink, 1997) .
The largest nourishment operation in the Mediterranean Sea took place in 2002, when approximately 800,000 m 3 of sand were dredged from off-shore relict sand deposits in the Northern Adriatic Sea. These were destined for the nourishment of several beaches along the Emilia-Romagna coast (Italy) (Simonini et al., 2005) . Besides the geographical location, this operation was unusual because the seabed of the area 1)
did not show active sedimentation, 2) was primarily composed of relict sand, 3) was far from the coast (55 km) and 4) at a greater depth (40-42 m) compared with the other previous dredging operations, where the maximum dredging depth was usually around 30 metres (North Sea Foundation, 2005) .
The analysis of the short-term impacts of sand extraction on sediment and macrozoobenthos during the first 12 months after dredging, highlighted that the activities did not significantly influence the granulometry and the total organic carbon content (%TOC) of the substratum, but caused almost complete defaunation at the dredging stations. Yet, at the end of this survey period, the recolonisation of the communities at the impacted stations was at an advanced stage (Simonini et al., 2005) .
In the present paper, we analysed the impact of relict sand extraction on benthic communities and the degree of recolonisation of macrobenthos at the end of the monitoring program, up to 30 months after the completion of the dredging. The aim was to establish the recolonization-recovery state of the macrozoobenthos and obtain a reference model for the effects of sand extraction on relict sand bottoms.
Materials and methods

Study area and sampling
The dredged area is located approximately 55 Km off the coast of Ravenna, in an area characterized by the occurrence of relict offshore sandy deposits ( Fig. 1 ; Preti, 2000) .
These deposits, mainly composed of sand and coarse detritus, are the remains of coastal structures that were formed during the last Adriatic marine transgression. This area is outside the main current circuit of the Northern Adriatic, and as a result is characterized by a limited amount of sedimentation of fine material during the summer period that become re-suspended and dispersed during the winter (Preti, 2000 (Preti, , 2002 Simonini et al., 2005) . The tidal excursion is negligible and the currents are weak and with variable direction. In fact, the main factors that affect the sediment transport and re-suspension in the area are the storms driven by the NE and SE winds (Bora and Scirocco) that frequently occur in the Northern Adriatic Sea from December to late March and probably lead to significant sediment re-suspension (Matteucci and Frascari, 1997; Wang, 2002) . Water temperature in the bottom showed marked seasonal variation ranging from 8°C in February to 26°C in August (Montanari & Pinardi, 2006 Because of the lack of information on the effects of sand extraction in the Northern Adriatic Sea, most of the efforts were devoted to the after-dredging surveys (7 survey), in order to analyze the major recolonization-recovery patterns of the macrozoobenthos, as opposed to the characterization on the temporal variability of community before dredging (1 survey).
Surveys and sampling activities were performed with the oceanographic M/S "Daphne II" of ARPA (Regional Agency for Prevention and the Environment of Emilia-Romagna). The sampling design provided for samples at three impacted stations within the extraction area and at seven reference stations outside it. The stations were positioned along two transects perpendicular to and intersecting each other in the centre of the dredging zone (Fig. 1) . The reference sites were chosen at large enough distances so as not to be affected by the extraction activity and deposition of suspended sediment. The direction and extension of the plume during the extraction were monitored by ARPA Daphne. During the extraction the currents were weak and variable and the plume never reach the inner reference stations.
Multibeam profile, Side Scan Sonar and video camera images were used to measure the depth of the excavation pits and holes.
The sampling for macrozoobenthos was carried out using a van Veen grab with a surface area of 1250 cm 2 and sampling volume of 24 dm 3 . Three replicates were collected at each station. For each station, analyses for sediment granulometry and %TOC were also performed (ICRAM, 2001 ).
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The samples for macrozoobenthos analysis were sieved (mesh size 0.5 mm) and the retained material was preserved in 4% CaCO 3 buffered formalin in seawater.
Data analysis
The samples and the data were treated and analysed using the same techniques described in Simonini et al. (2005) . The residual material obtained from the sample sieving was sorted in the laboratory and the macrofauna was preserved in 70% ethylic alcohol. Most of the organisms were identified to species level. Data from each sampling station were obtained from the sum of their respective replicates.
The data collected during the different surveys were integrated by obtaining a total matrix of the abundances and the main ecological indices (number of species/taxa, abundance and Shannon-Wiener diversity) were calculated.
Multivariate analyses were performed with original (untrasformed) and 4 th root transformed abundance data in order to analyze the patterns of variation of benthic assemblages in terms of numerically dominant species and species composition.
Outputs from non-metric Multidimensional Scaling (nMDS) ordination models of the Bray-Curtis similarity matrix were obtained for all the stations/surveys. Differences among the extraction and reference stations during different surveys were tested using a two-way crossed ANOSIM (ANalysis Of SIMilarity) randomisation-permutation test. One-way ANOSIM was performed to compare a posteriori the extraction area stations with the reference stations, and the reference stations of the various surveys.
The species making the greatest contribution to dissimilarity among the impacted and reference stations for the different surveys were investigated using the SIMilarity 8
PERcentage breakdown procedure (SIMPER). The analyses were carried out using PRIMER V5 software (Clarke & Warwick, 2001 ).
Results
Sediment characteristics
Both the reference and impacted sites did not differ for the sediment characteristics during the whole examined period. In all the samples analysed the percentage of sand varied from 85% to 98%, with the prevalence of fine sands (250-125 µm), and the %TOC was low (0.3-0.8%). The recorded sailing tracks of the dredger and the bathymetric changes in the sea bed after sand extraction revealed that the operations were carried out mainly in the southern and central parts of the dredged area, corresponding to sampling stations 4 and 3 ( Fig. 1, 2 ). During the extraction period the currents were weak and directed toward S9, but the dredged-sediment plumes were confined to within 1 km of the sand extraction area. The reconstruction of the bottom profile based on multi-beam data collected immediately after the extraction showed that pits with a depth of 1.5 m had formed on the seabed of the impacted area, due to the extraction activities (Fig. 3) . The surface area and the depth of these "holes" tended to decrease over time: their mean depth was about 0.30 m in the the A.-Ex. 24 months surveys (Fig. 3) .
Taxonomic analysis
The taxonomic analysis of the samples collected during the eight surveys led to the identification of about 42000 individuals, belonging to 183 taxa and distributed among 12 phyla (in order of abundance: annelids, arthropods, molluscs, nemertines, echinoderms, sipunculids, phoronids, poripherans, cnidarians, echiurians, chordates and hemichordates). The polychaetous annelids were the most abundant group (43% of the taxa, 59% of the individuals), followed by the molluscs (mainly bivalves and gastropods, 24% of the taxa and 4% of the individuals), the arthropods (mostly crustaceans, 18% of the taxa and 33% of the individuals) and the echinoderms (echinoids, stellaroids and ophiuroids, 9% of the taxa and 2% of the individuals). All the other phyla together represented 7% of the taxa, but only 1% of the individuals.
The species were characteristic of offshore sandy-muddy bottoms. No mass settlement of opportunistic species or species typical of disturbed bottoms was observed in the impacted areas. The list of the taxa found during the whole monitoring program was reported in Appendix 1.
Abundance data analyses
The multivariate analyses performed on original and 4 th root transformed data highlighted that the sand extraction affected the macrozoobenthic communities of the impacted stations during and after sand extraction, both in terms of species composition and of numerically dominant species (ANOSIM, Table 1 ).
The MDS ordination plots of the untransformed and 4 th transformed data relating to each station and sampling date ( 12 months surveys) (Fig. 4a, b) . The MDS sub-plot of the impacted station from the different surveys (Fig. 4c, d ) showed the same patterns as the whole plot.
In the Ex and A.-Ex. 1 survey, the average dissimilarities of impacted station with respect to the reference station and B-Ex Imp. stations were very high and significant (80-90% with untransformed data, 70-75% with 4 th root transformed data) ( Table 2 survey, with respect to B-Ex Imp. stations was 63-83% (untransformed data) and 45-66% (4 th root transformed data) ( Table 2-3) . Moreover, the dredged stations showed abundances that were about 40-50% lower than the reference stations, whereas during the A.-Ex. 1 survey the mean difference was about 90%. In addition, the number of taxa discovered at the extraction area stations was 60-70% of that observed at the reference stations, whereas during the surveys carried out during and 1 month after extraction this percentage was only 26% (Table 4 ; Fig. 5 ).
Although the reference sites of each survey are tightly grouped on one side of the global MDS plots (Fig. 4a, b) , the MDS subplots of the reference station from the different surveys highlighted the great temporal variability of the community, throughout the eight surveys both in term of species composition and, overall, in term of numerically dominant species (Fig. 4 e-f ). In particular, the MDS plots showed the reference station of the A-Ex 12 survey segregated separately and more dispersed than the others, due to the lower abundances and number of taxa found (Table 4) .
With the exception of the A-Ex 12 survey, the dissimilarities among surveys were lower than could be ascribed to the impact of the extraction activity, ranging from 25 to 42% (4 th root transformed data) and from 33 to 62% (untransformed data). Yet the results of the one-way ANOSIM tests between the references station of the eight surveys showed that the communities varied from one survey to another (Table 2 , 3), probably because the high within-groups similarities (60-70% with untransformed data, 70-80% with 4 th root transformed data). Most of the dissimilarities among the reference stations of different surveys were due to variations in the abundances of some of the more highly represented and/or characteristic species, and to the occurrence of low-density, rare species that characterize one or more surveys (SIMPER, Simonini et al, 2005) . In fact only about the 50%-60% of the species found throughout the whole investigation were common to the reference station of all the surveys but these species represented 90-95% of the total abundance.
The high R-values suggested that the community of the B-Ex. Imp. station and the impacted station from the other survey are different from one survey to another, despite their dissimilarity decrease over time after the dredging (Table 2, The temporal variability among the surveys was low and could not be attributed to the impact of the extraction activity. The effects of sand extraction on the macrozoobenthic communities were particularly intense, especially during and immediately after the extraction at station 3 and 4, and were mainly due to the removal of fauna from the seabed. The recolonisation at the impacted station began early by larval settlement (most polychaetes, molluscs, echinoderms and other sedentary organisms) and adult migration (vagile taxa, such as the dominant crustaceans A. latreilli and A. diadema). In other cases larval settlements were noted to have been the most important source of new recruits, rather than the migration of adults from nearby (Boyd & Rees, 2003) .
In contrast to the MDS and dissimilarity analyses, the high R value derived from the pair-wise ANOSIM test suggested that the community at the A-Ex impacted station were different from those found prior to the dredging operation, even 30 months after sand extraction. We suggest that the failure of the R statistic in detecting the recovery of the community could be the result of the low (spatial) variability among stations for each sampling survey relative to the natural seasonal and inter-annual variability of the benthic communities.
The % dissimilarity between Before-Extraction and After-Extraction impacted station decreased of over time and, starting from 18 month after dredging, the community of impacted station grouped together with the reference station and B-Ex station on one side of the MDS plots. These finding suggested that starting from 24 months after dredging the composition and structure of the macrozoobenthic assemblages becomes similar to that observed prior to sand extraction. In particular, the difference in the community of the B-Ex and the A-Ex 30 impacted stations are due to 1) some rare species exclusive to the first or the last survey; and 2) differences in the abundances of common species, characteristic of the relict sands biocoenosis, that can be related to the natural temporal variability of the communities. The species in common between the two surveys constituted about 90% of the whole abundances at both BEx and the A-Ex 30 impacted stations. Therefore it could be assumed that the communities of the dredged area returned to the original condition 30 months after sand extraction.
This pattern of recolonisation-recovery fits well with the commonly encountered scenario where the substratum merely remains unchanged after marine aggregate excavation (Boyd et al., 2003 (Boyd et al., , 2005 ICES, 2000) . In most of these cases, the extraction area exhibited a strong hydrodynamic activity, which could obstruct the deposition of fine sediment, or the depth of the extraction was low, so the change in sediment structure of the dredged areas was limited over time and the complete recovery of the communities required a period of between 2 and 4 years. 
